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[ Introduction

1.1

1.1,

1.1

1.1

.2 Scope

Overview

This document is intended to provide a complete and thorough presentation of the pre-
launch and in-orbit radiometric, geometric, and spectral calibmdorﬂcharactcxi@tion efforts
designed for the MODIS-T inscument. As such, this document describesdite individual
efforts of the Engineering team (Code 700), specific science team membergilisted on title
page), and the MCST to calibrate and characterize the insoument. O

1 Audience
(1) MODIS Science Management
(2) MODIS Science Team
(3) EOS Project Management
(4) EOS Project Science Office
(5) EOS Calibration Advisory Panel

Chapter [ discusses the purpose and outline of this document. It includes (1) a brief
description of the MODIS-T instrument and provides an overview of the science goals and
how the MSCT calibration/characterization objectives fit into these goals; (2) defines the
various organizations and personnel associated withsthe MODIS-T calibration effort and
their responsibilities and interrelationships; and: wvides schedules for the variety of
prelaunch and in-orbit activities associated with th ibratdon/characterization effort.

Chaprer 2 describes the pre-launch radiometric, spectral, and geometric calibration and
characterization of the MODIS-T insrument. This section summarizes the Calibraton Plan
provided by the Engineering team (Code 700).

Chaprer 3 provides a listing;of different in-orbit radiometric calibration methods for
converting on-board DN to“either-radiarce or reflectance. It includes the background,
description, justification, and algorithm development of the instrument based methods
(internal sources. *xternal solar, and external lunar), the instrument cross-comparison
methods (cross se. or/within platform, cross-platform in orbit, and target related/aircraft),
the target-based methods (target related/ground reflectance and bio-optical oceans), and the
image related methods (radiomerric rectfication and ciass-specific scene equalization).

e in-orbit geometric calibration effort(s).
Chapter 5 describes:the in-orbit spectral calibraton effort(s).
Chapter 6 provides thé descripton of the otficial MODSI-T/MCST calibration algorithm.

Chapter 7 includes the data dictionary/glossary, the list of acronyms used throughout this
document, and additional references.

3 Applicable Documents

(1) Earth Observing System (EQS) Project Calibration Plan, 29 July 1989, GSFC 420-0
3-01;
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(2) Earth Observing System (EOS) Project Configuration Management Plan, GSFC 420-
02-02;

(3) MCST Interface Control Document;

(4) MODIS-T Calibration Plan;

(5) MODIS-T Verification Plan;

(6) MODIS-T Calibratdon Data Book;

(7) MODIS-T Calibration Handbook.

1.2 Calibraton/Characterizatdon Objectives

1.2.1 Overview of Insoument Design

MODIS-T is a single pass grating type reflecting Schmidt imaging spectrometer. It is
designed to view the Earth with a nadir footprint of 1.1 km in:32 wavelength channels of
13 to 14.5 nm from 400 to 800 nm. An interline CCD detestords used, which signal is
converted to a 12 bit signal. A thirteenth bit indicates for eat

1 the gain used which is
different for ocean and land surfaces. This method of tion is called the dual
composite mode.

Optically the instrument has a 34 mm enwrance aperture and is an /3.0 system. The
CCD detector is curved in one direction to reduce spatial distortion. All metal components
are aluminum except the beryllium scan mirror..

Mechanically there are four moving mecha e scan, which covers 45 degrees
is controlled by a continuously rotating single speg&d double sided mirror. The scan mirror
rotates at 6.6 rpm, so each Earth scan takes 4.54 segonds. The tilt mirror rotates the scan
mirror assembly about the center of the scan mirror. This direct drive mechanism allows
tilts up to 55 degrees for and aft to be made. A diffuser plate is deployable on an arm and
is visible to the detector when the platform is crossing the equator provided the tilt angle is
less than 30 degrees. The fourthiidnd final mechanism is an aperture wheel with 3 open
aperture settings and a clos re. which is used with a solar integrating sphere to
control its radiance level.

1.2.2  Single Official Calibration Algorithm

It is the intent of the MCST, together with the MODIS-T science team, to select a single
calibration algorithm which will be used as the official calibration algorithm for producing
$fradiance images). This algorithm may be selected from the methods
r it may be a combinaton of several of these methods. It should be
-ressed that thi$algorithm may change with time as understanding of the instrument, data
characterization. and.gali i

1.2.3 Muitdple Parallel Approaches

In order to have confidence that a required uncertainty has been met, several
independent methods shall be used in parallel. In addition to the pre-launch calibrations
and characterizations, there will be in-orbit (on-board) calibrations using lunar images, as
well as in-orbit ground truth calibrations using reflectance and radiance based methods
(both on-ground and aircratt). The primary purpose of these multiple pathways is to
obtain, through independent means. a “calibration table"” which can be used to convert
instrument DN's to radiance on a routine basis (the MODIS-T/MCST calibration

algorithm).
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1.2.4 Comprehensive Documentaton Trail

The MODIS-T calibration team (Code 700) will provide system level calibrations
(radiometric, geometric, and spectral) which are traceable through documentations of data,
procedures, and data analysis techniques, and the MODIS-T calibragon team (Code 700)
will radiometrically calibrate to a set of physical units as expressed in the Systeme
International (SI) set of units. In addition, the MODIS-T calibration team ]
adhere to a common set of calibration terminologies, as sanctioned by the EQ8,Calibration
Advisory Panel. These will be supplemented, as needed, for clarification oriustrument-
specific procedures. =

1.3 Organizations and Responsibilities

1.3.1 EOS Calibration Advisory Panel/Calibration Office _
At present, the primary responsibilities of this group incfade:
(1) Coordinate EOS calibration etforts:
(2) Set EOS calibration guidelines.

1.3.2 MODIS Calibration Peer Review Team
At present, the primary responsibilities of this group include:
(1) Peer review of MODIS-T characterizaton efforts;
(2) Develop calibration/characterization software.

1.3.3 MST Members
At present, the primary responsibilities of this group include:
(1) Set calibraton/characterization requirements:
(2) Peer review of MODIS-T characterizaton efforts:
(3) Provide simulated MODIS-T counts data set;
(4) Conduct ground-truth calibration observations.

1.3.4 MODIS Characterizaton Stppert Team (MCST)
At present, the primary respousibilities of this group include:
(1) Coordinate MODIS-T characterization etforts
a. Pre-Launch Radiometric
b. Pre-Launch Specual
ch Geometnc
erriat-Infrared;
op and deliver Level-1B calibrauon software:
Iop.and deliver Level-1B uality software:
(4) Review-othersatellite calibranon erforts.

1.3.5 MODIS Science Data Support Team (SDST)
At present, the primary responsibilities of this group include:
(1) Integrate MCST Level-1B calibration software:
(2) Integrate MCST Level-1B uality software.

1.3.6 Earth Science Directorate (Code 900) Members
At present, the primary responsibilities of this group include:
(1) Peer review of MODIS-T characterization efforts;
(2) Provide discipline oriented experuse:
(3) Support aircraft radiance observations.
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for approximately 3 seconds in the middle of this period, and the method assumes that the
two data sets correspond to identical states of scene structure and illumination.

The footprint correction is achieved by making the footprint of the aircraft
spectroradiometer much larger that that of the satellite radiometer. The footprint used as the
transfer standard is then the footprint of the aircraft spectroradiometer, which is well-
characterized compared to that of the satellite radiometer. Initial navigational nties
between the aircraft and satellite pointing vectors amount to the equivalé#t of scvcral
footprints of the aircraft spectroradiometer. It is therefore necessary to SRR
image to find the image displacement from nominal alignment tha®Pcorreyp
maximum correlation between the set of aircraft radiance measurements and the i
set of counts from the satellite radiometer. This approach to fine-tuning of the navigation
implies that the correct displacement is that which corresponds to the best (in a least-
squares sense) linear relation between radiance and counts, and the approach is therefore
unsuited to a determination of the linearity of response of mtemtc radiometer. Over
effectively uniform targets (such as clear ocean surface) thlS icion does not apply.

The method assumes that the spectral response functionsa§she satellite radiometer
channels have not changed since being measured before launch, andl all observed changes
in response in orbit are attributed to changes in gain. For NOAA-11 AVHRR the
preliminary results reported here show that the gain ratio of channel 1 to channel 2 during
the period November, 1988, to October, 1990, is constant to within + 1%. This strongly_

suggests that neither channel has changed its spectral response during this period.

SN

The spectroradiometer has been radiance af \ii‘?e ength calibrated on an irregular
schedule since the equipment was acquired for NGAA in March, 1988. The system was
calibrated in a NASA/GSFC laboratory at GreenbeldMD, before and after most flights, but
the time intervals between flight and calibration usually exceeded 1 month. All calibration
data were collected under ambient laboratory conditions and without the aircraft window in
place. The window transmittance asa function of incidence angle was measure separately,

and included in the calculations. rrecton term.

.8 tental arrangement in the laboratory to radiance-
calibrate the 1.22 m diameter heémusphere calibration source. The spectral irradiance
spectrum of a secondary standard®lamp supplied by Optronic Laboratories, Inc., is
ransferred to an Optronic model 740A spectroradiometer equipped with a small integrating
sphere at its entrance port. The purpose of the integrating sphere is to render the 740A's
response to input m'adxancc effectvely independent of the angular (and spatial) distribution
5 q\ments at the entrance aperture of the 740A system. The (740A)

The 1.22 m dxamtter hemisphere source is internally coated with a barium sulfate
pigment embedded in a polyvinyl alcohol binder. Twelve 200W coiled-coil tungsten
filament lamps are arranged internally along the great circle of the hemisphere adjacent to
the flat face. Light from the lamps is baffled by a barium sulfate coated internal cylindrical
section that prevents direct illumination of the exit aperture, and the flat internal face of the
hemisphere is painted matt black. The lamps are independently switchable, and are run ata
current of 6.500 + 0.001 amps. Results for the uniformity, accuracy, and stability of the
radiance calibration of the hemisphere have been published elsewhere [4]. Uniformity of
the radiance field (with all 12 lamps lit) as a function of spatial and angular displacement
from a position observing along the axis of the hemisphere was reported to be better than

- 20.3%.
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Figure 3.3.3.2. (A) Irradiance calibration of the 740A spectrometer with an irradiance
standard lamp.

(B) The irradiance calibration of the 740A spectrometer is used to
radiance-calibrate the 122 cm diameter hemisphere source.
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The spectroradiometer is mounted on a gimbal in the aircraft that allows its optical axis
to be directed to a range of angles to the right and below the aircraft axis. These motions
are controlled by an onboard minicomputer through azimuth and elevation drive motors
with a positioning accuracy of approximately 1°. The optical axis passes through the center
of an uncoated quartz or infrasil window (both have been used) set into the floor of the
aircraft.

The silicon detector and preamplifier (EG&G HUV 4000B) is h
behind its window. The detector responsivity near 400 nm and especiall
temperature dependent, so the detector temperature is actively controll a
17 C with a Peltier heat exchanger. Heating pads are wound around the
spectroradiometer to minimize internal temperature gradients. Under flight conditions the
temperature of the supporting frame measured close to the spectroradiometer is in the range
of 0 to 10 C. : .

sl 3
The onboard minicomputer also acts to control motion Q gpond blocking filter and
the beam blocking actuator, and supervises the recording®@fggectral and housekeeping
data. Data are recorded with a resolution of 12 bits, and inclttiythe spectral data, frame
and detector temperatures, power supply voitage, time from a dedstited clock, and gimbal
azimuth and elevation. The pitch, roll, heading, and altitude of the aircraft are recorded by

the separate aircraft Inertial Navigaton System (INS), which has its own dedicated clock.

White Sands, NM, has been the target ofxl
CZCS was successfully calibrated in 1983 by th
target. High reflectivity targets, such as sno
candidates for future evaluation as suitable targe

hoice for recent measurements, but the -
thogd using clear ocean surface as the
Stratus cloud fields are attractive

Results

results [5] obtained for the NOAA-11 AVHRR from

Figure 3.3.3.3 show preliminar
, between November 1988 and December 1990.

6 ER-2 flights over White Sands}

The method has several maprg ges: it is the only absolute method now available
(excluding on-board systems), ithahigh intrinsic accuracy traceable to NIST standards, it
requires no field work, and it canvbe configured for rapid response to a request for
calibration information. Figure 3.3.3.3 also shows the results from Kaufman and Holben,
using selected desert areas observed at annual intervals with the same observation and
illumination geometry, and the results of Che et al., using White Sands to transfer the
calibration of the§ Haute Resolution Visible (HRV) channel to AVHRR. These two

' hctively, the more precise relative methods now available, and the
ibr#iting sensors on the same or different platforms. The trend of gain
' p¥hown by the aircraft results is confirmed by Che et al., and is
consistent with the refults of Kaufman and Holben, although the aircraft-measured absolute
gain is displaced from the other resuits for channel 2. Figure 3.3.3b gives the results
expressed as the rato of gains for channels 1 and 2. Normalized Difference Vegetation
Index (NDV) is a function of gain ratio, which must be held constant (or measured
accurately) to provide useful estimates of NDVI. The aircraft measurements indicate that
the gain ratio is within + 1%, which agrees with the results of Kaufman and Holben for the
February/March periods, and disagrees with their results for August/September and with
the results of Che et al.
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Figure 3.3.3.3. (A) Results for the gain of NOAA-11 AVHRR as a function of time in
orbit.

(B) Results for the gain ratio, which is important, for example, for the
measurement of Normalized Difference Vegetation Index (NDVI).
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This project is now reducing data collected from the GOES-7 VISSR/VAS and from
NOAA-9 AVHRR. Underflights of NOAA and GOES satellite sensors are planned for
spring and fall of 1992.
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3.4  Target Based Calibraion Methods

3.4.1 Target Related/Ground Reflectance Phil Slater et al., University
of Arizona :

¢round target large enough to have a stable spectral reflectance over
many sensor pixels¥€ carefully measured when the image is taken by the sensor to be
calibrated. At the same time, the extinction optical depth of the atmosphere is measured
along with certain necessary meteorological parameters. The aerosol particle size
distribution is inferred from the spectral optical depths. A radiative transfer code which
accounts for multiple scattering and absorpuon is used to predict the in-band radiance at the
entrance pupil of the sensor being calibrated. This radiance is used along with the average
digital counts of the pixels corresponding to those measured on the ground to compute the
calibration (1, 2]. This same method has been applied to calibrate the AVIRIS sensor in an
ER-2 [3] and a Daedalus 1268 operated by EG&G in both a jet aircraft and a helicopter [4].
This method is NOT directly applicable to MODIS as the MODIS pixel size is too large for
a ground crew to adequately sample the ground reflectance over muitiple pixels. An
modified approach, provided by the University of Arizona, is described below.
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The University of Arizona group plans to make in-orbit calibrations of high spati
resolution EOS sensors such as ASTER (and HIRIS for the C platform) using a
reflectance-based method described above. MODIS in-orbit calibration with reference to a
ground site shall be done with a method similar to its AVHRR work [5]. The Uof A
group plans to continue with this type of work with future AVHRR and follow-on seasors
and a MODIS simulator if it becomes available. The group plans to refine itg methods to
include the use of a field SWIR spectrometer, a solar radiometer designed total
column water vapor, and an imaging solar radiometer which will be used the solar
aureole. The aureole is a sensitive indicator of aerosol scattering and opes to
improve its knowledge of the scattering phase function with this future in
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3.4.2 Bio-Optcal Oceans

Water leaving radiances over ﬁf‘c‘g‘}nany ocean locations at wavelengths greater than about 700
nm are close to zero. The satellite radiance therefore is arising entirely from the path radiance. An
accurate radiative transfer model allows the path radiance to be calculated. This path radiance
provides a known source which allows MODIS-N to be calibrated. The technique makes the
instrument calibrgtideand the radiatuve ranster model self-consistent.

Buoy mea&¥rementsyof pigment concentration can be compared with MODIS-N determined
pigment concentr#tiooa? A discrepancy between the two may be resolved by altering the calibration
of the satellite. Thi¥echnique can be introduced into the routine processing and is called bio-
geochemical normalization.

3.5 [mage Related
3.5.1 External Image Related-Radiometric Rectification

Certain regions on Earth contain areas which are radiometrically stable. For example,
exposures of bedrock may have a relatively stable reflectance over long periods of time. These
radiometrically stable areas within images can be used to correct other portions of an image so that
they are internally self-consistent with the stable portions of the image. The technique is generally
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applied to high resolution images such as those produced by Landsat or SPOT. The applicability
of the technique to MODIS-N images will be researched and applied.

3.5.2 Class-specific Scene Equalization

A generalization of the within image radiometric rectification technique in which multiple
scenes are used will also be employed for monitoring the MODIS-N stability.

4 In-Orbit Geometric Calibration (?)
5 In-Orbit Spectral Calibration (Instrument Based)

6 Official MODIS-N/MCST Calibration Algorithm

6.1  Objectdves/Rationale
During routine processing, one calibration algorithm will be used to determine the Level-1B
radiances. This "official” algorithm may be one of the technique described above, but it is more
likely to be a combination of method. )

6.2  Algorithm sensitivity/simulation studies

7 Definitions and References
7.1  Data Dictionary/Glossary

7.2  Acronyms

A ;
AIRS Atmospheric Infrated,
ASTER Advanced SpacebomeThermal Emission and Reflectance
AVHRR Advanced Very High Resolution Radiometer
AVIRIS Airborne Visible/Infra-Red Imaging Spectrometer
E .
EOS OBserving System
EOSP OBserving Scanning Polarimeter
G .
GOES Geostationary Operational Environmental Satellite
H
HIRIS High Resolution Imaging Spectrometer
M
MCST MODIS Characterization Support Team
MERIS Medium Resolution Imaging Spectrometer
MISR Multi-angle Imaging Spectro-Radiometer
MODIS-N Moderate Resolution Imaging Spectrometer - Nadir
MTF Modulation transfer function
MODIS-T Science Calibration/Characterization Plan  page 22 Version 0.9

J.Barker (NASA/GSFC/925) & S.Petroy (RDC) 3:13 PM Mon, Sep 23, 1991



N
NASA National Aeronautics and Space Administration
NOAA National Oceanic and Atmospheric Administration

S
SeaWiF$S Sea Viewing, Wide Field-of-View Sensor

SBRC Santa Barbara Research Center
SDSM Solar Diffuser Stability Monitor
SRCA Spectro-radiometric Calibration Assembly

7.3 Addidonal References

Flittner, D.E., and Slater, P.N., "Stability of Narrow-Band Filter Radiometers in the
Solar-Reflective Range," Photogrammetric Engineering &Remote Sensing, Vol. 57,
No. 2, pp. 165-171 (1991). -.
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